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How to define and provide evidence of
DBFZ the Performance of Biogas Plants

] & XHRMEASR] SiTers

Efficiency: Ratio of actual power output and power input
R SeBrr H Re A A AN BE 1 [ E A1)
What is required to evaluate a biogas plant? i 244 ki mEd <) 2

1. Mass balance of in- and output #F H Bk 4B -F- i
2. Energy balance of the biogas plant, including in- and output i H R} 1) 8 &P 1T
3. Data of the reliability of the equipment (hours/year) %4 Al a5 CNEAE)

What is needed for the mass/energy balances and the reliability data?

s BEAT AR ERAF) o) e A AT SE P H A 2

1. Characterization of substrates J&i4) )4 it

2. Analysis and evaluation of main state of the art technologies 73 #7 #1175 3 E /et HE AR

3. Assessment / Evaluation of the overall biogas plant concept PFA /i &V ) HEARNE &
Wt

4. Theoretical energy output as basis for the biogas plant evaluation ¥ it 5~ HAE hy fii =
AR B

5. Assessment and monitoring of losses during the fermentation process of different biogas
plant concepts AFVAE ) W& B vt A R 1 T 20H B B4 A (R E O R e il

6. Possibilities for system optimization / Possibilities for increase of biogas plants

performance (Repowering) R &AL AT GEEAE INHE ) @ikl gtk
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1. CHARACTERIZATION OF
SUBSTRATES

JEY) P R
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DBFZ Biomass / Substrates

. By-products & Residues Organic waste
Energy crops REVE1EY) SR &S A ) HHLE W)
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1.1. Theoretical biogas formation potential

B




AD process stability and substrate characteristics
DBFZ P

ﬁﬁﬁﬁﬁiﬁﬁ% PEF R 1 R
Biogas
B Degradation rate [#fi#isi %
Inhibitory substances Il

e

Methane and
ulfide

HydrogeR J Carbon Dioxide

& r AW =t

: CE%E

(" Intermediates B A=Y
(higher organic acids,
butyrate, lactate, etc.) (F&%H
| blE. TR T
Amino Acids
and Sugars

REBRATER

Methanogenesis B {24k

Acetogenesis

IR

B PR Acidogenesis

Vi L:\ R
&S ) [ CoRREE° | T OWE )
5 > S
@ organts Hstera ﬁ Hydrolysis 7Kf#
FENDE
glnfluent Bkl




beE» \Biogas —quantification and composition FEglT

HA - BB AL

mixture of: methane, carbon dioxide, hydrogen, H,S

HAH: B, MK SR ZEAHR AR

C,H,OpN. Sy + (4n—a—2b+3c+2d) H,O - 1/8(4n+a —2b—-3c—-2d) CH,+
1/8(4n-a+2b+3c+2d)CO,+
CNH;+

dH,S
1gC

1,868 NL biogas X
1g COD

0,35 NL methane 4%



DBFEZ Substrate characteristics JEYI1E K

= Gas potential (maximum biogas yield obtainable) measured or
calculated (digestion tests, animal nutrition test, elementary analysis)

P ) CRITR BRSO T m) s EeE A5 21 GRAR I,
s IR JCER T

= Degradation rate (reduction of the concentration of organic substance)

PR CAHLADH S B sk /DR D
= Content of micro (trace) and macro elements /b & Fl1 K& 76 %5 K)o

= Content of potential inhibitory substances as nitrogen, sulphur,
antibiotics etc. ¥ EFNHIE AN & . PLAERST

= Material handling: pumpability, content of disturbing material (e.qg.

sand, stones) ¥k AbEE . LikEE ), TS E (b, A3k



Characterization of Substrates -

DBFZ Composition AT — 4%

= Dry matter content (DM): waterless (anhydrous) share of a mixture after drying at
105 °C. TWn&E (YD« IRYIRGWYIAEL05 °C K 155 oK &S 7 1 LL A

= Organic dry matter content (o0DM): Mixture free of water (anhydrous) and free of
inorganic substances generally per drying at 105 °C and annealing at 550 °C G 1T
YIS (oDM) « EMIR A 411105 °C R T4 1550 °C R i v 543 2 AN &
IKAHT B EE

= Fractions of fat, protein and carbohydrate analyzed by “Weender” — Animal nutrition

analysis lg/lii. & H FUBOKAA SR - “Weender" 1S 77 53 M
Representative samples of the biomass are essential for meaningful results!

3ﬁﬂﬂ7ﬁﬁi§ f% I ZE W) SO f o RAT AT R AT R B |




Methods of substrate’s
characterization

DBFZ

Animal nutrition analysis

zﬁ%ﬁ“ﬁ’%/ %ﬁ

Continuous anaerobic digestion

Jjﬁtﬂﬁ@%fifh %&
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Methods of substrate’s

DBFZ characterization #iE &Y R K 5%
T

Digestion tests yE4LMIIA
Medium (approx. 35 Medium (general degradability) H145 (— i n] [Z A4
Batch 73k %: days) 145 (Z135K) )
High (degradability under real conditions, inhibition,
High (months) /5 (% deficiencies) /& (SEBRECAT N AT B FH
Continuous £S5 HO PRI \YPSE )

Tests to calculate the biogas yield T+&EBESZE KR
Animal nutrition z#)% Medium (approx. 1  Medium (fat, protein, various carbohydrates, ash) 1

i week) 55 (Z4—E) & (B, |EA. SMBOKEEY . K)
Low (all elements, but carbon as lignin is not
Elementary analysis Jt. Medium (approx. 1  degradable) {it (FrFczx, HEURTEELF

EANIE week) HHEE (Z4—H]) LE IR AN ] [ A
Data from literature Depended on the quality of source HY ¢t T- %45 ke U5
XERE IR Low 1I% JFUE

Representative samples of the biomass are essential for meaningful results!

SRIBATACERNYE I AW TR fih A2 FRAGAT T S R OB !
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Batch vs. continuous tests

DBFZ

AL vs. FEEEMR

Results of the continuous
500 I ¥ r 100 \
Gaxi Rl R v/ L 2= -+
o MRS | tests SR ) 45 1
Uy 450 result batch test %0
>> - =
Do 400 - - + 80 =) ——
_Z:z Q 5@ —
EE=) R
3D 300 - . 60 S5 |LHEL
T2 0] ° lso 552 |EZ>
et : . £35¢ |¥E
iﬂi'g 200 ° T4 £87 B
| D = .=
o 150 A A + 30 3
= N o
@ 100 + 20 2
o
@ 50 +10
0 T T T T T T T T T T T T 0
1,5 1,7 1,9 2,1 2,3 2,5 2,7 2,9 3,1 3,3 %%ﬂ%ﬁﬁ&\/snd]
Organic loading rate [gVS/Id] )
= Biogas yield 4 Inhibition = VFA °© HRT
Fa iY==Y
Table 1: Results of the continuous tests
#K1: EGDAL R [Organic loading rate [goTS/1d] 1.80 2.20] 2.40 2.80 3.50
Wl 47[goTS/Id]  [Specific gasyield [mIN/gVS] 389.83| 318.00|285.80| 286.82| 236.01
AT PSR [mIN/gVS] [Yield reduction [%] 5.53| 22.94| 30.74 30.49| 42.80
P K [ %] VFA [g/1] 5.89 7.46] 9.61 10.95 12.60
HRT [d] 64.41| 51.55| 51.55 45.06| 39.46
NHs-Nr [mg/1] 5,14 5,18 5,27 5,72 5,53
NHs-N [mg/1] 709,5| 683,9| 611,1 720,7 628,1
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DBFZ Biogas X,

= Energy content: 4-7 kWh/m3, depended on methane content
(methane: 10 KWh/m3) fg & % §4-7 kWh/m3, Bk T Fge & (4810
kWh/m3 )

= Equivalent to oil: app. 0,62 I/m3 gas a4 &: #£)0,62 I/m3 V5

= Useable amount for electricity : 1,8-2 kWh,/m3 Biogas #1t. >4 H, 771,8-2
kWh,/m3

= Approx. 2/3 of energy is heat £ 2/3 1 fig &4 4k ki
= Explosion range: 4-16 Vol. % in air JEYEA IR . 25K R F L 4-16%
= Density: 1.2 kg/m3 % £ 1.2 kg/m3

= |gnition temperature at 700 °C %K /5. 700 °C
Annual demand of a German household

18 1] 5K 2 P A BEAE: 3,500 kWh

equivalent to%5 A T 2,000 m3 Biogas 785,

equivalent to%% A T 20 t Biowaste (ca. 100 kg/inhabitant/a) A=) (4]
100kg/ N /4

equivalent to%5[q] T 80 t pig manure 3%

13
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1.2. Biodegradation kinetics

LEYIRESR BN 1




Continuous stirred tank reactor

DBFZ (CSTR) #ELEPHE R M7

Conversion to methane

simplified to one ‘i—fv = QS,-QS, +V r, (7)
Process
r=— Mpax S X (8)
PR TR A B e R TY ke +S
Assumption continuous : {5 14 k3% 4
dS
X Bacteria concentration 4f B i< & E = 0(steady state); kS >> 33 X >>3y; Y
S Substrate concentration JE 4 &
S, Initial substrate concentration #J4f ek 0=Q (S,-S) - k5, (9)
S, substrate concentration at time t isF ZItf) JE 4k 5 S — S, _ S, (10)
How  Maximum growth rate fg KA K 5 t 1+£ 1+k 6
P growth rate 2F K% D
Y yield (gbacteriamass per g substrate) /=< & (g4l HREgEHD)
v volume 7
r, reaction rate S i %
D flow rate (throughput Q/V) FiEGEE Q/V)
Q flow rate (V /time) & ( V /B [1])
0 retention time {5 B4 I [A)
t time - [
Ks Monod constant, concentration at which ,u:%,u A7 ,UZ%,U xR

Continuous : 7% £ 2 J i

Himax

S

1
0

15



Retention time and yield in a first
DBFZ order scenario

— By I D )45 B e TRV =S R

The kinetic depends on the type of biomass and the kind of pre-treatment
J . 5)) 7 2 Bk A2 4 ot ) e RN AL 3 77 2

% gas produced K=& %

CSTRin afirst order scenario

CSTR—Fr & B i

100 -
90 - W.—;—A—A—A
30 - WM—"‘
70 0
vy 28 | k=02 71d =934 %
S i 29.d =85 % 0.1:
40 k=0.1:
30
20
10 -
0+ oS,
1 7 13 19 25 31 37 43 49 55 61 67 73 79 ©olrkxo

k conversion rate %t 2%
6 retentiontime 15 B3 I} ]
time I A (d) S, initial substrate concentration ¥4 i &
S, substrate concentration at time t i ZIti)JE )ik i

—-0.1 --0.2

16



DBFZ

Yield and reactor utilization PS5 &

P

1 %%%U) %
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140 - Yield and Gas Production Rate
ina CSTR HCSTRR BZ 88 Py ¥ = BAMEB 7= %
L]
120 1
L]
100 1 L]
g u
nﬂ 80 1
=
2
>~
60 1
L]
a
40 1
20 1
— Yield
0
0 5 10 15 20 25 30 35 40

Retention Time /2 i} g](d)

19.2 96 6.4 48 38 32 27 24 21 19 18 16

Organic Load HHLHEFT (kgVS/m?)

gasproduction rate praxis

B gasproduction rate theory

Substrate depended, degree of degradation vs-optimat-utilization-ef———

digesters volume, crucial for plant design and economics B ¥y, [F

iR Vs [ g AR B AR 2%

KIS T R B A oy D gt 17



Characterization of Substrates -

DBFZ Gas yield and Quality

Methane '
Substance Blogas yleld concentratlon
y i 1B

T g oo KWh/m?

Carbohydrates

KA E W) 700 - 830 50 - 55 50-5,5
Proteins

E AR 700 - 900 50 - 55 50-5,5
Fats

=il 1.000 - 1.400 68 - 73 6,8-7,3
Biowaste

M 3 350 - 500 55 - 68 55-6,8
Energy crops fi¢

WEAED) 500 - 700 50 - 62 50-6,2

Chart changed,after: Weiland, P.: Biologie der Biogaserzeugung; Institut fir Technologie und Biosystemtechnik der
Bundesforschungsanstalt fir Landwirtschaft (FAL); ZNR Biogastagung, Bad Sassendorf-Ostinghausen, 02.04. 2003
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DBFZ Biogas potential F=¥H#E 1

Substrate [E#) TS, VS biogas potential ;& | biogas potential
%, %TS B PA A
M3t upstrate s m3/t VS
cow manure &43% 8-11, 75-82 20-30 200-500
pig manure ¥&3& 7, 75-86 20-35 300-700
cow manure 43 25, 68-76 40-50 210-300
Chicken manure 93¢ 32, 63-80 70-90 250-450
Corn silage EXFI 20-35, 85-95 170-200 450-700
Rye silage £F " 30-35, 92-98 170-220 550-680
Molasses [k #EZE 80-90, 85-90 290-340 360-490
Separately collected biowaste %[ ]k 40-75,50-70 80-120 150-600
SR EMNIIR
Lipids from grease separator f@;lith 5> | 2-70, 75-93 11-450 700
Bk rIRE IR
Glycerin (SEEG) HiH 47,70 425 1295

Unter
Biodies
Biogase;

uchungen zur Wirkung von Rohglycerin

I eUgn gIIII gtigl\ ndes Znss Imlnl

;‘ ng aus Silom Il\nrmiRpp kh
und Schweinegiille

Pe 23
A-B480 Mureck



DBEZ Characterization of Substrates -
Conclusion [EYktE — 458

= Substrates differ in energy density, composition and degradability JE4) 1)
Ret % By 2 SR il A 2 ANAH (]

= Mostly pre-treatment enhances the degradability of substrates, except for
lignin, which is only aerobic degradable £ %1% &, T i AL FE #8185 ) 1)
A BEARYE, MR RSN, SRR I U %A

= High amounts of extreme easy degradable substrates can lead to
process failure, due to a excessive acid production K& 7 P i 75
o ARG JRPRTE TR

= Mono-fermentation can lead to an unbalanced nutrient supply, therefore
a suitable mixture of substrates or a supply with lacking nutrients are
recommendable H.—¥) ik I n] GE S BUS TR G AT, B BOR S
I8 )R e PRI G = (178 IR )

= High concentrations of ammonia can lead to difficulties in the biological
process =i JE 12 RE T BUE) B IV K A

= High concentrations of sulphur can cause damage e.g. CHP = 5 i
231 FHCHP

= Sand and stones can lead to technical difficulties #b 4725 Sk F5 A 5
21
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2. ANALYSIS AND EVALUATION
OF MAIN STATE OF THE ART
TECHNOLOGIES




General technical requirements

DBFZ MR EF

* high reliability/durability and short maintenance interruptions of all plant
components are essential for high operating and full load hours — the

overall process has to be reliable! 4= A7 4 Al FL A7 v vl SE P/ A
LA M INIRE R, A RS AT AT TS ] B G B — AN T 2020 n) 5

 Technology has to match the substrate/biomass, sufficient flexibility for

change in substrate SR WIS N JRAEY T, IR ARA IR B R IE 1E

« Capacity of the plant as a whole and the plant components have to
match the actual substrate and mass flows 1<) FIAE 12— EE4A,

25 BT 0 2000 A2 S B JER ) AN ) I i
 Low energy consumption fiGAERE

« Easy to monitor and control 5 T~ i F145: i

23
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2.1. Digester types xVag7H



Biomass and reactor type

DBFZ A AN R A3 2R T

 Digester type is selected according to the substrate characteristics 3
Y RV TG o . s 2R A

« UASB, fixed bed digesters for substrates with low TS concentrations
TSR JEARMIR YK HUASB, ] 72 R 5V 3

« Agricultural application TS between 3 — 12 % continuous stirred tank
reactor (CSTR), manure and Energy crops 4\ (1) 258 1 Ge V5 VE 4 H
TS43-12%, KHICSTR Y. ¢

« plug flow digesters mostly for higher total solid concentrations £t =
J5 N A S e TSR A

« Box/garage type digestion only for biomass, which is stackable and
can be easily saturated by percolate (landscape management
material, seperatly collected biowaste), highly insensitive to sand,
rocks, disturbing material £ 20/Z5 PE 28 s 2 R 0] DAHERR H 5 F-1f0
ANZUERI AP R PR SO MO SR A HLEL AR D, Kb~ A7 Bl
L VI 7/ D | S R e

25



DBFZ

Continuously driven reactors

HESEUE R R N A

substrate infeed &)1 £}

QX S,
(kg/day)

_

(=00

— Biogas 735 14

—

Digestate y3 7 H

QXS
(kg/day)

Optimum 4 42
steady state, means substrate and
bacteria concentration constant 3 €

TRAS, RS A AN Al 7 B DR R

—

NS

26



Anaerobic sludge bed reactor

DBFZ RETSVRIR R B 58

Picture: EnviroChemie (http://www.envirochemie.com/envirochemie/de_DE/index.php)

27
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Continuously stirred tank reactor (CSTR)
LN SN A (CSTR)

28



Plug Flow Tank Reactor (PFTR)
PRF< HeMR R 42 (PFTR)

Horizontal vertical
FEH
7J<S|Zit Biogas
Gas
Intake |\| pDischarge ':’?'I'?'epr‘: (3
pei HOR| Substrat |:>_
M . , |
Y7, e
> Garnuckstand

29



Continuously driven Reactors -
DBFZ Further Dlgester Types

BELETER R N AS — B R N AR REY

Ring-In-Ring-Digester %ﬁﬁ%fi@j‘% Pfefferkorn - Digester Pfefferkorn v #%
(space saving constructlo EEAE (energy saving mlxmg) TR ES }Eﬁ%ﬁ‘ﬁ T

Foto: Agronet VSP

Rectangular Digester 77 J& &k I i Lagoon Digester 4 fik
AY \\ﬁ‘ AY
(plug flow) #Ei = (energy saving mixing) 1 £V 5 T i B &=

30



DBFZ Batch Reactor /3L iz B #3%

substrate infeed +

inoculum A+ B R 41 &

(k) N
N Biogas ¥H’<
7
N A

\Y | | |
Digester is fed and left for a certain

\___ period of time, then emptied & ¥ f# 3t

BHa s — BN TR, R JEiE 4

31



DEFZ Batch Reactor FFHt=\ R NV 88
Phase 1: Clearance Phase 2: Filling Phase 3: Digestio .
rEEL: IS 2. #ERl I EX3: RI

" an

storage tank digester storage tank storage tank digester storage tank digester

full empty full empty full full full
TEAFIEDS  AIRMEZS  GRAFREN  GRAERESS ORIREER  GEAWER GRAERERS RIBERERG i AERET

Continuous gas production through time shift

Gas production in a discontinuous solid phase
digestion JEELLE A K BEHARE HI = H & operation of several digesters @it JLAN & B i 8] [|]
B E S EILELNES TR’
Gas

production

/f—x PR

/ s FEIMENtET / / /

Jf s FErMENtEr 2
—— FEermenter 3

/ s Formenter 4 / / / j

Retention time {5 & B [H] Retention time/Z & i [a]
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DBFZ Batch Reactor it Jx v 58

System: Multiple garage/box type digesters with percolate tank
ARG LR TR N A5 FS YRR HE

/\ .

A4
N\

X
/I\ /I\

- r

\Z
N\

Percolate tank

V5 P hE F1 F2 F3 F 4
(exchange) (dripping)  (in operation) (In operation)
QY (B8 (izA79) (iB47H)

Trend: The amount of percolate had to be increased for serveral
systems.

HEAH: BUSII AL LRI e 26 25T
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DBFZ Batch Reactor Pt R Jx V. 7

Garage type digester ZZFER RNV
discontinuous FEFELER P

o s ;

Notkiihler

Warmepuffer Biofilter
BHKW (37 kW) _@ ‘@-
&'h -
At

Py _."a’:-'.
r - - p',‘ilu‘s.
-
!
0 ERC R T B

x

Yo

Verdichter Isolierte
- Fermenter- \ /
Gaszahler wand

' Substrat
\

] \
Kondensat-
abscheider

Perkolat geneigter verschliefi-

Perkolattank Pumpfen- Fermenterboden ..o
sump Frischluft-
offnung

Prozel3schema Boxenfermenter (Abbildung: BEKON GmbH Co. KG); Fotos: Bekon GmbH (oben), DBFZ (unten)
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yz==]

2.2. Pre-treatment FiAbE




Pre-treatment of organic matter —
DBFZ ) Aims and Challenges AHIRTALEE — BT SRS &

* [ncreasing biogas yield by cell disruption and enlargement of surface (lignin
und cellulose containing substrates) i i il VK 40 i B AT 89 N2 AR & AR i
RN WA =

= Acceleration of degradation and therewith a more efficient use of the biogas
plant (all substrates in common) JiE B AR %,  Mfy 5EA 2R R HE S
CHr A TR L [R] 20D

= Avoiding of layers of floating or/and sinking matters and therewith the
decreasing of energy effort for mixing and pumping & 50757 2 B/ AR 2
MY FEEAR B AN 532K ) HEAE

= Securing of the digestion process by improvement of the input material’s
quality (e.g. sugar beets or bio waste) & Uk e, Ry RAETHLILFE (
Ui sl A b RO

= Cost and energy efficiency % FH FlGEAL
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Pre-treatment of organic matter -
DBFZ Disintegration — methods

BT — 7 f — 5k

* Physical methods (numerously available, but scope of application should
be considered) #¥ 5k (Jrikdbw £, (HiFH%EEHEED
- Disintegration by crushing or milling il 7 =i B 4 fi#
* thermal treatment by hot water, steam or hydrolysis with heat and
pressure (combination of different methods) JH#wK . 28954 In#un
K ARt AT FAb B ORE vk 2560
« Radiation by microwave or ultra sound i & 5 5l 4 8 5 %
= Chemical methods L& 7k

» use of acids or bases (at present not relevant in practice, due the high
demand of acids/bases and the impact of the methanogenesis) H % &k

Fh CH AT T BRI FE I R AN H e A s R 1) 52 Wi Vi A5 B D
= Biological methods (microorganisms and enzymes) 244k (AE V) A0 )
« as an additive for ensilage to minimize losses 1E & 5 2% 17 LLygR b
PN
* hydrolytic bacteria for disintegration of substrates containing
lignocellulose A ZKME A Bl 53 il & AR LT 4E = A

37



Pre-treatment of organic matter -

DBFZ Disintegration — methods
BEYL AR — 734 — 1k
Macerator with contraries removal Extruder

BRI T EIL

Fr AL

38



Pre-treatment of organic matter -
DBFZ Disintegration — methods

BT — 7 f — 5k

Test with triticale as an example for disintegration
LB /N A i ik 431
grain whole crushed milled dispersed

g P )i IR

T
W

exploded

e

39



Pre-treatment of organic matter -
DBFZ Disintegration — methods

BT — 7 f — 5k

——grain dispersed | FH G R
—=—grain milled Tl P& |5 22
——grain chrushed Y A
-+-straw exploded | W ZLG AT
-=-straw milled Blie 2% Ji 27
-+-straw chaffed PRCIE i 22

15 20 25 30 35 40
Days K%

grain: no effects  straw: acceleration and rising of degradation

TR R 26 IR IFHE E PR R 40

Specific Methane Yield #.47




Pre-treatment of organic matter -
DBFZ Disintegration — methods

BT — 7 f — 5k

Hydraulic| Increase of the
retention | biogas formation

time (from k=0,10 d-*

E%dé 100,15 d")
KA | S

5] AVBiogas [ 7]
20 + 12,5 K SN TE) 2, — B, [dY]
30 + 9,1 Us RPN ]
40 + 71 t SF8)7K F715 B 1 ]
60 +5 Ug=1-—— (1)
30 + 38 1+k:t _
’ k reaction time constant, 1. order [d"7]
100 + 3,1 Us Substrate s conversion [-]
120 + 2,6 t mean hydraulic retention time  [d]

41



Conclusion — Disintegration

DBFZ LEU — MR

= Disintegration effects differ between batch and continuous tests & #t = fl114:

22 [ N2 3 R R RRAN ]

= Effects are often not provable in large scale continuous tests, also
depending on the degradability of the biomass 7 % 4 A FLI b 1) 350UR
WA UESE, R T4 o i ] A

= Easy degradable biomass should not be pre-treated extensive 5 [&f# 44
JAN N A IS 43 P kb BE

» The effects are more relevant for biogas plants with short retention times
(below 25 days) and slowly degradable &5 538 5 % T iS4 B g Ho 452 B s ]
FERRT HVE R B

= Case-by-case examination of energy demand (heat and/or power) and
costs efficiency are required 75 ZARYE SEPRE L% FERE R T K (FAGFI/EHL)
HIRERL

42



DB@

2.3. Feed in 3Ekl



DBFZ

Classification of
Solid Matter Intake into digester

AR Jo [ T A Jﬁﬂﬁ%/ F R

Direct H.3%

1. Hopper with/ with out integrated infeed
e AN HERL R B R}
2. Hopper with pre-treatment device

3. Wheel loader 324 #1 ST A T (21

1. Screw 4T
2. Piston i %€

Indirect [i]3%

1. Preliminary tank Tii#53t | 1. Hopper with/ with out integrated infeed
e BN HERL R E R )=

2. In pipeline/ integrated : :
systems/devices 5 £:/4E 2. Hopper with pre-treatment device

JR ARG % E i PAL B R

44



DBFZ

Feeding Interval 3£} ] [

Time ih hdurs isF Z)|
pPH S % TR

CH, + CO, < 100%

tin°C 50 (60 70 &)

W

et Eoe ey PR (] AR R s e R iR B iy LT Pl RN Wit i 1 B

=k I
th (]

©o

| R B T e e R [ P S I T R ER S PR e e P A

Single dosing per day %< B kRl

70 CH,, €O, in Vol.-%

Single and
repeated
infeeding into
digester per
day &K HLIK
AERV@si T
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DBFZ Feeding Interval 3£} ] [

Relative frequency of distribution of substrat infeed of solids and manure

[ A b R SEAE AR A R B RL AR AR R

7l |
= ESolid [k
S o cLiquid itk
%_ -~ 1
=B
T 0
% “
>
O
c 4
m | |
=]

o

= 30

)

= | ]
8 o

[}

e

1 >1-10 10-15 15-20 20-25 »25 kont

Relative frequency of distribution [number/day]
ST HIAE X SRR IR HU K]
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Feeding Interval #EK 8]k

= Aim: constant process conditions H#r: FaiE 1 T 2544

Process stability, high organic load rate T Z 2, =A VL5
High degree of capacity utilization of CHP 5 CHPAHI| =
Avoiding of overproduction of biogas i % i & =S,

= Measures: {5 it

Homogenization of substrate mix JE#)#i+1:-19%)

Weighing cells for precise dosing #r & .ot LUK ffi 1R}

Increasing of infeed intervals up to 48 intervals per day (quasi
continuously) 4kl 1 b B 6F K 487K GEALES3RD
Output-controlled infeed system for constant biogas production

(per online-process control) f4E ~ Hif i pRERL 248, PrRukTE & 73
Ao AR T 20D

a7



Solid feeg

&}

er /

(LS

nfeed systems

i
{

] =

www.agritechnic.de);
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2.4. Mixing PiFE



DBFZ

@

Mixing

External recirculation
for low DM-content

U] A5 R A A

7
vy
AT

VLY .. v |d7 v
I 33 88 38| &
=2 DD D H P
I S I I
VA;L AL
Gas Lift mixing Gas injection Mammoth-pump
for low and medium for low DM-content for low and medium
DM-contents fICFIT & (RS R KA S4AEN  DM-contents fICFIFR £
fif] 2R AR IR THE & B ] R FH R K B AR
s
/z‘ H,
\¥ k\\(// < as
= m -l m
Long shaft agitator (large-

Submercible agitator

Axial agitator
for low and medium

for medium and high

Long shaft agitator
for medium and high
DM-content = Fl & &

winged) for medium and
very high DM-contents
AR v ] 22 R HH Al

DM-content Fil & &5
R IR A

Large-winged agitator
for medium and very
high DM-contents
HRORIAE 0 v ] R
EPNUR S EsS

( %‘66—5:5:3:5‘

DM-contents {14147
[ R K B FE 2

Axial agitator for PFTR

for medium and very high DM-

contents PRI & 52 [l R

PETRIS IV 5 5l 4 -

HR A B 35

ey CRM4)

-t= 3¢

Across the plug flow installed
agitator for PFTR for medium and
very high DM-contents 1 fIEE 3 &
B [ AR PETR SN a4 UL 22 B

Pras

Hydraulic mixing by
gas pressure
for low and medium
DM-contents {ILfil
B WA HE AT
KITIRA



Helzschisauche [optionsl

3

Axial agitator; t 45 b8 Large-winged agitator; AFH4ei#t4:  Submercible agitator /K i £ 5%
Picture: ENTEC GmbH Picture: PlanET Energietechnik Picture: Agrartechnik Lothar Becker

1

I}

Long shaft agitators; K?E{Hﬁﬁ% ;?;’Jgr;%nﬁigglégmemble agitator
Picture: WELtec BioPower GmbH; Armatec FTS-Armaturen GmbH & Co. KG ey /N
Foto: KSB AG
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2.5. Gas conditioning/ cleaning

HARETIAFA




Gas conditioning/ cleaning
PRT4 ST A

Need for gas cleaning FEHSH:

» Biogas contains unwanted associated materials/ substances like water,
sulphur or ammonia H G AT LRI, K. . 2

» Especially sulphur may cause damages at gas piping system, CHP or
Boiler —> CORROSION #7552 it °J RERIAVE U B« CHP RISl —J 1k

- Drainage and gas drying mostly by chiller /cooling unit S T4
REKEZBREEBE R ETT

>Desulphurization (biological, chemical, physical) iifi (ZEY), L%
, Y1)

53
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biological,
external unit

biological
digester internal

), RIS

 Influence on process °
due to oxygen intake
HEREINC IS 7NN

» Desulphurization
rates up to 99% Jiifik

A R] 1£99% _
- No oxigen intake into * Corrosion atall

digester i [ & 1% G components in

WNTENES digester head space .

R PPEE THUER A4 22 e ok
e Cheap, low
maintenance efforts {f °

H, HE 9 T

» Additional investment
and maintenance
coStsHIA M 7 Fl 4
P 7% H

Gas conditioning/ cleaning

Physical
Y

Chemical

WE

No oxygen intake into
digerster Jo it i) K TEHEE
NEAA

Overdosing without
problems it &Nt AL T LA IR E T B

« Fine desulfurization ¥

20 13t
e Purity <5 ppm possible

A 1) F|< 5 ppm

Very high o Very high operating
Desulphurization rates cost JEH Eis4T
= 1 BB A i

additional investment and
maintenance costs %~ i)

B YEY A Al -
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2.6. CHP #E B



CHP — Development N Germany

DBFZ CHP — ZEEEE R R

Usage or energy conversion of purified Biogas predominantly via CHP 1§t J& VR < 1= 5
CHP I FH AT g 2 e 46t

Electrical efficiency increased steadily in the last few years, CHP > 250 kWel with electrical
efficiency of > 40 % 7Eid L HU4FE A K AR E K, > 250 kWel [FICHPHLRE > 40 %

Besides CHP (Gas engines and pilot injection gas engines) slightly increased application of
gas turbines; Electrical efficiency up to 30 — 32 % [k T CHP (A 512518 KB 513)
AR RS HLR N g AT 800, W ACR Al IA $1130 — 32 %

predominantly Gas engine applications (63 %), only 28 % pilot injection gas engines; appr. 9 %
of all biogas plants are running with both engines =22 E 515 (63%) , HA28%FKH5#%
LHAGE, L9%MHA) E B,

9%

28%
B Gas engine /<51

B Pilot injection gas engines 5#Az0H A 51 4
63% Combined #i# 45 &

n=435
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CHP - Gas engines 55| %
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Biomethane £

LA

Y E
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Requirements for biogas upgrading to
DBFZ natural gas quality

R AR AR R R

Components raw biogas Biomethane DVGW 260/262/685

K HIURE EX// Ly

> 90 % (L-Gas) *

Ve 50 - 70 % 90 - 99 %
Methane F ¢ 0 0 - o6 (Ll Gas) "
carbon dioxide 4 {1k 30 - 45 % 1 bis 5 % <6 %
Hydrogen &< < 200 ppm < 500 ppm <5%
Nitrogen &< 0-2% 0-2% k. A.
<3%
AR 0-0,5% 0-0,5%
Oxygen <, 0 0 < 0,001 Mol-% *, **
hydrogen sulfide fift5 up to 1000 mg/Nma <1 mg/Nm?3 <5 mg/Nm?3
e < 200 mg/Nms *, ***
Water 7K 2575, saturated < 1 mg/Nm? g

< 50 mg/Nm3 *, ***

upper heating value 1= #

fH

wobbe index k55 5,5 - 10 kWh/Nm3 10,5 - 15,7 KWh/Nm3 10,5 — 15,7 KWh/Nm3

5 -7 kWh/Nm? 9,8 - 11,5 KWh/Nm3 +/- 2 % of H in the grid

* preversion of DVGW G262 (Entwurf - draft) DVGW G262 #Jfiit
** for high pressure grids (> 16 bar), with effects for natural gas storages = =¥ E W (> 16 bar), HA SRS MG ThRE

*** for distribution grids (< 16 bar) or rather transportation grids (>16 bar) #A LN 5 M (< 16 bar) sk & M 59



Requirements for biogas upgrading to

DBFZ natural gas quality
\‘ — NS —= I:l S >
VH B A B R IR Jot B LK
Production Upgrading i Injection
A | feall | JF M
i i conditioning &
: - : i |Compression
! rough pre drying fine D2 ! :
Digestor KRBl desulfurization T desulfurization rerE}%Oé?)l. Drying ! GRLYR =
raw- B A TR product
/\biogas N | | gas Hulh
e [ > <
Bl .
> > N . — -
Cbndensate na%;zl/%g |x%nd

_REEK

lean gas 711

A\ 4

lean gas treatment
SLEav oL

!

off-gas &<
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Water scrubbing 7K¥E:

» Solubility of CO2 against different pressure stages;
practical application AN[F] s J) N CO2 I i AL, SEBr v H

Pressure swing adsorption ZZEIK PSA:

« Adsorption on molecular sieve or charcoal at high
pressure; practical application 435 2 & bt 2% 1o s W B

;BRI H
Amine scrubbing f&¥k:

* Dilution of CO2 in scrubbing solution, desorption of
scrubbing solution at high temperatures; practical
application CO27E %5 F1IWK ISCRN =y e Af e Hh B C O3k J

Membrane technology fE4;55:

 Different permeability of different components, first pilot

plants A A A RRZIENME, EATE)
Cryogenic gas separation ¥4L5r5:

» Cooling to the evaporating temperature of CO2; research
to be done ¥ HIZICO2/MIE LA, 52 2 WY

Upgrading technologies ##4fi+ K

\. =y COreiches Permeat
b ] R L ek
Trennperformance = f{T, Ap, x)
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Technical comparison of the different
technologles for upgrading biogas

Criteria $r#E Genosorb ® Amine Membrane

prepurification Ti{§4t yes yes/no yes/no yes yes

control range #HilJeF +10% 50-100% 50-100% 50-100% 50 —-100%
slip of methane H¥ifit 2 -10

1-2% 1-4% 0 3-5%
R % <0,1%
?gﬁl"gyﬁgfnpggfiggas >96%  >97 % > 97 % >99%  92-98%
4 HH S
normal
pressure [ Jj[bar] 4-10 4-10 4 -8 pressrure 6—10
H

electricity needed i #E

: - <015 0,18-0,2
+ [RWH/NM?] <025 02-03 0,24-0,33

heat needed #4E [°C] no no 55—-80 °C 160 °C no
Chemicals 1t.2% b no no yes yes no
References M. % > 20 > 25 3 >7 2

* Manufacturers’specification, methane-slip dependend on plant design, on commissioning year and the locations”condition
(Carbotech < 3 %, Xebec 4 — 10 %, Malmberg< 1 %, Flotech < 2 %) I3 ik, Wit Bk T8, IR R AL 444

** Methane content oriented on the technical-economical optimum and not technical feasibility (all techniques > 99 %) ik B ok TP E

TR EARTTATEE G4 B AR AT DA% 5]>99% ) 62



Economic comparison of the different
DBFZ technologies for u gradlng biogas

AR 2E B 25 1 HU R

Specific costs for upgrading biogas to biomethane (including
capital costs and costs for operation) 743/ 4k 21 4= 4) T ke 1) B A
FAS L FE AT B A AT 2 D

3
—4—PSA - Carbotech
2,5 x
= 2 \ == PSA - Cirmac
=
=
o 1.5 —fe=\Nater scrubber -
= Malmberg
S 1
~ =i \N A ter scrubber -
X Flotech
B 0,5
/N =t Amin scrubber -
0 . . . . . Cirmac LP Cooab

250 500 1000 1500 2000 == Amin scrubber - MT-

Enregie
Capacity (Nm? raw gas/h)

SR R AN

source: Urban et al., UMSICHT
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2. Analysis and evaluation of main state e &
DBFZ of the art technologies -conclusion § |

A EEECHDOR - 4k

= A broad variety of robust technical solutions are available at the
market or under development K& 1) 1] FE R 7 En] ik FEel &
FEIT R

= Depending on the substrates and the chosen gas utilization,
different types of modules (pre-treatment, dosing, digester type,
treatment of the residues, gas purification), can be selected/
combined TRAEJEYIFIVE g, A LRSS AN FRPSEH BT

(TRARBE . BEEL RBEGE. VHIBVHIALEE . R

= High durability and long intervals of maintenance lead to
operating and full load hours it A PE A GEP 8] g A~ G ) A 5
TATisAT

= Further optimization of the biogas technologies concerning the
reduction of losses and a decline of the internal energy
consumption are desirable 73 THEANE K PP T B TR D H 2k
HIBFEAR) N RERE

» Measuring devices are essential to control and evaluate biogas
plants | &2 & e 42 Tl AN By U ) R BE o
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3. ASSESSMENT / EVALUATION
OF THE OVERALL BIOGAS PLANT
CONCEPT

VRO EESR] RS
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Process variant — Systematization

TZ%&E - ARG

Digesting process/ technique %1% L 23K

Differentiating factors

A EAER

y

Dry matter content -4 Jii &

Decition criteria

e FEbRIE

Dry matter content in digester

KIEHEN TV RS

Process options

_J&ﬁ%
Wet fermentation 33 %
b. Solid state fermentation

y

Kind of Infeed #t%} 775

1

Continuity of infeed HFk} % 41

v

a. Discontinuously A4k
b. Semi-continuously ~}-i% 4k
c. _Continuously JE4E

J|Digestion temperature

& e R

Substrate composition JE) 4 ik

Psychrophilic i

Need of sanitation 7 [t 75 %

Ensuring of minimum retention

oo

Mesophilic i
c. Thermophilic &k

Jiak

A

Kind of mixing & &

_[time, substrate, dry matter

“|content A /N K145 B s 1],

Completely stirred 4=7i

&), TG R

a.
b. Plug flow #:i
c. Not stirred NES

Fixing of active biomass

e v

Danger of washing out ot

a. With biomass-retaining 71

activated biomass

ﬂi@‘%

-

b. Without biomass-retaining 7% e il &

T TET R T A T E T

y

Completeness of degradation,

»Process separation 732 1.7,

Singlestage 2%
Multistage % 2

substrate composition,

acidification affinity P#fi#%,

T, SR IETE

Single-phase #.4H

aoop

Biphasic #4H

66



Systemization of digesting processes

DBFZ KEELZ RGN

Digestion method

RWETT
Single stage process Two-stage process Digester cascade
BRI PR 2R I 2RI
Sing|e_ hase Bi-phase MesophIIICEPLu‘?l/ ThermophIIIC%YE’l/
ﬁfﬁ PN AH Thermophilic =it MesophilicH i
Percolation éolid/liquid separatioﬁ
ZiE [
L =~ |

Picture after: Weiland, P.: Biologie der Biogaserzeugung; Institut fir Technologie und Biosystemtechnik der
Bundesforschungsanstalt fir Landwirtschaft (FAL); ZNR Biogastagung, Bad Sassendorf-Ostinghausen, 02.04. 2003
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Schematic presentation of various
DBFZ fermentation methods

ARV R B TR 7N i

- BRRE PR AH R 2 T
Single stage process B Bi-phasic Two-stage process
. N Y=
[>Biogas it a) Percolation j33&

— Digester —>

|—b Biogas HA

R | Digester |—
. REEGHE
PR R
_ ydrolysis
Two-stage process . Acdifiontion 1>

|—> Biogas?ﬁ/—:k C _zﬁﬁ%%' -

—» Hydrolysis/ |, Digester |—»

Acidification S Bl b) Solid /liquid separation
KRR ~ ) q P
gﬁﬁ@ l—bBiogas HA
Digester cascade Digester [«
| > Blogas i1 e —
—> Digester [* Digester [—> — Ai};g{f?é);?iisa 1

Picture after Weiland, P.: Biologie der Biogaserzeugung; Institut fir Technologie und Biosystemtechnik der
Bundesforschungsanstalt fir Landwirtschaft (FAL); ZNR Biogastagung, Bad Sassendorf-Ostinghausen, 02.04. 2003
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Application typical farm-scale digestion of

Energy crops

WAL 7 AR IR A E ) DR S A I I H

«farm-scale, single step &7 L, HLL
estartup 10/2005 2005410 /] 2 5l

«inst. CHP capacity 500 kW, K1) #500

kW

sapprox. 12.000 t Substrates y* &AL PR

12,000 JE&W)

sapprox. 2.500m3 Digester volume #j2,500

J7 R RERE AN

*Energy crop acreage ~ 250 ha ¢

 UEAED IR 2125023 bt

*Substrates: corn silage, liquid
manure, rye W) BKEN. WS
Vg, M

-Participant on scientific evaluation

programme B} AL RIS 5 BT

FS

Anmischbehalter
Dosierstation
Fackelanlage
Fahrsilo
Giilllebehidlter
Garrestlager
Getreidesilo
Konversionsagoregat
Landwirtschafrt
Reaktor
Stromnetz
Tierhahltung
Wameahnehmer
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Application industrial-scale digestion of

DBFZ Energy crops

H- 25 D N = > >
SR TNV RIS RE AR DR AR TR

e startup 12/2004 200412 H JA 3]
« 3 engines, total inst. capacity 4.2 | |
MWy = & HHL, BEHLA R e ®® i
4.2MW o @ f
e excess heat used for industrial | @ |

process b 5 FFH - Tk H F . :
e approx. 70.000 t substrates y £:4E FFJ ; @

A FEZ) 70,0000 ) S | I
e Approx 17.000m3 digester volume I PR
K AR ARL117,000 7 e e A
 24h hydrolysis step 5tk fi#24h L= L |5 e

« originally two-step process, now
parallel single-step digestion in 4
fermenters and 2 smaller stores V44
R PRGN PR A /Mt B T Ui R FH PR 2
T, DA IR E 0 A I8

e acreage ~ 1.500 ha / 60 suppliers 60
AL T FEZ1,50022 Lt

« separation of effluent V¥ VA 7 55

» substrates: silages and grist from
different crops, CCM, grass and
other i&#¥): AFRAEYIIFE I,
CCM, HAIHA
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DBFZ Application sugar industry ¥V

= Byproducts from sugar beet processing filt =1 T8 74

= Anaerobic treatment of waste-water only 3-4 mon/y J& /K R K G R 3-440H
= AD-technology and know-how from over 20 years i 2045 [f) PR e+ AR R4 B
= Fast and stable process PLi# ffa & 1K) T E Cy

MNeuwe Hydmolbysestule Gasspeicher und BHEW ?—ﬁ
Safrme
Fibemwesteie HE12TS
Tl
1 Festsiofirock-
R AV p——— Shatung ! Filter
H | | ] O
i =T ) Beassaies .
v s _om
| =S Fonid
e Karpane Pumps 1
Ca 1Tl | (Fesesol-inding Purnps 2
H TEmEsdodEet | Hydolyse | pesssessed
] 5 :
e Ca TS
; Vorhandene
i Abwasserbehandlung v
¥ Ixn
: SesenrihresTos
S * ==
7 : i X
E Fohwassarank Worversauenung
I R ——




Application Digestion of Biowaste

DBFZ P B SRR Y

* Dry Fermentation of
biowaste A=¥hi i+ A& B

* biowaste 24.000 t/yr 4=
Wi 324,000 /4

* Aerobic pretreatment
ISR AL 2

 Plug-Flow-Reactor ff
S A

o Composting of effluent
KRR AR I

« CHP-device #H 1/~

e Complete housing/low
odour emissions 54>

FEWNMER AT 1T
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Process Control — Process Target
DBFZ . >
T2 - T2 Hbr

Definition process target: Maximum gas production

EXTZ B PRERERN

-2 Influenced by substrate quality, degradation rate, disturbances of biological

process or technical equipment, internal energy demand, losses and emissions

R, AR, TSR BOR RS, ATRERE, 1 RSB
reliability/ optimization

Al EEMIAE
Isturbanc
Tk
Biology H:4)2% Techng;léggpment
Stable protessing te & 1) L 2L i Cogeneration unit & HLHL T
Degradation optimization FFfi# L2 Mixer etc. $i o445

ittt
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Control of Biological Process

GEU7/pUN L ki
Causes for biological problems -Z204% Y& 19 JE A

= Ammonia Toxicity (nitrogen content of feedstock too high) Z & (
BERHH) RS S =D

= Soluble Sulfide Toxicity g PERR AL 21

= |[norganic Salt Toxicity (sodium, potassium, calcium, magnesium) Jt

MLERFEME . 8. A5, B5)
= Antibiotics 14 %
= Unstable Temperature i & i 5
= pH-value low or high pH{E i & e A1
= Foam £
= Overloading (OLR too high) & #; (L0 &)
= Retention time too short 15 & I} [r) i
= Volatile Fatty Acid Accumulation (result) ¥ & Mg litg 280 (a5
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DBFZz ) Example: Ammonia toxicity 7~f: 2 #51E

100 e

P —
9 + T =~

o0
o
1
T

“NH," (55°C)

Ammonium [%]
L¥.]
o
}
Ammonia & %

pH

Nitrogen rich feedstock 2% = = i Bl

Ammonium is formed J¥& i Ji%
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DBFz ) Example: Temperature 7~41: 5L

30
D
S 007 Thermophilic
©
g—’\a Bacteria
nwa BrVH 41 B
5= 01 Mesophilic bacteria il 2 1o
c 5 \ .
S SRiE \
S > Temperature & i
ot o : ! , N
0 10 20 30 40 50 60 [°C]
-+ - Activity 75T
Optimal Al pd i
Mesophilictfii: 35-40 °C 0
30 |-
Thermophilic/=i: 55 °C 20 }-
oprfy s oty

0 10 20 30 40 S50 Termp.T(*C
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Example: Retention Time/ Organic Load
DBFZ J (Yield and reactor utilization) 7~f1l: {5 &4

N— L - . S = — O
» —a 4 NP/
TR INAR IRV L FINA -2 i E <Y
I [R]/A AL A A I NELZY
35
140 - Yield and Gas Production Rate
inaCSTR CSTRE M4 RS =BAGH=S %
- T 30
120 1
#*
- T 25 r
: LN
| ®
100 [ ] %
= =
;;j r 2.0 %@
r 80 1 g E
i SE
60 1 g
@
]
40 1 T
20 1
—Yield B gasproduction rate theory
0

0 5 10 15 20 25 30 35 40

Retention Time & i fa (d)

gasproduction rate praxis
Organic Load HHLEAF (kgVS/m?) —

Substrate depended Bk T Y

Crucial for plant design and economics XA <) Wil A& 2 R B3
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| aboratory tests <2 = i

Degradation of VS, TS, TOC, COD
VS, TS, TOC, COD F#fi#

Content of organic acids (sum
parameter) ALK (Gt

Content of organic acids (portion of
%&J’lglh acid) A HLIRIKEE (KPR LL
|

>not permanent available /& 7KizZf
>need of sampling 75 2 % Af

>time consuming, ¥EHY

>difficult to automate, XL F 51k,

(5 4

>high information content &3 & & &

Process evaluation fij & 1.2

Online measurement 7& 2k Wi il

Input Bk}

Gas production rate 5" %
pH-value pH{H

Methane content ik & &

Carbondioxid content AR
5

=

Hydrogen content &5 &
Temperature . /&

>Permanent available, 7Kzt 15
»easy integration to automated

process

THLE AERS

>information content??? 1= 5. &&= 2

27
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3. Assessment / Evaluation of the overall g
DBFZ biogas plant concept conclusion RS

YT RS B SE verh

= Are technology and substrates (texture/amount) a good match? i R FEY) b5/
Hw) 2 ULEC?

= Which ratio of energy production to energy consumption is achievable? (electricity

and heat) r] LU S e[ Fhg A EEG] 7 CEAIROD

= Fits the plant to operational needs, infrastructure and consumers - gas, electricity
and/or heat grid? iLVAS) ENVIEAT FEREGORTH 22, VR R Elf B R 2%

= Are collection and documentation of data appropriate to avoid malfunction? Z#z Ik
R s 75 0] LAk S iR iR 2
= Are the losses reduced to a minimum? 41 2 42 75 [ 21| B /N 2

= Which climatic conditions are to consider? Are insulation or cooling needed? 5 & 3|
vyl A R NS S e e P A A s e

= Are the distances between biogas plant and substrates source respectively
between biogas plant and residues application short enough? (logistics, costs) 1

J AR 2 18], VAR VSR WO I TR R R A AL I (i LD 2

= Are aspects of environmental protection to consider? j& 5% &I 55 R P 1 i 2
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4. THEORETICAL ENERGY
OUTPUT AS BASIS FOR THE
BIOGAS PLANT EVALUATION

Highe R HEAEEHRS B
HR




Requirements for energy balances
DBFZ ) as basis for efficiency evaluation Fé&

S TR A E N5 = BE A B ER A

= Efficiency: Ratio of actual power output and power input BEx%: SEfrRE&E ™
HH AT e 4 A R LE A

= What is necessary for a qualified evaluation? 5214 KA & k& 1AL

1. Definition of theoretical energy output & X it fg &7

2. Evaluation, documentation, quantification of mass and energy streams,

Evaluation of operational hours, (documentation of down times, flaring
events, maintenance periods etc. ) fif & . KM ENYTFREE L.
s AT A I SRAF AL TR, KRR 44 11

Calculation of capacity utilization 115 28] F
Actual — theoretical comparison & [x-# 18 45 B L
Identification of bottlenecks fffi x& JiiL £

Optimization 4L,

o b~ W
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DBFZ

Calculation of theoretical energy

Vs

WH

output Bt gk

Basic parame

E
( Input quantity 77 A &

=

Input concentration

A SE

Process parameters L5

Hydraulic retention

time KA1 71 /]

Organic load 77
difir

e

Reactor volume

—

Biogas quantity: O,
7.

. m
— Outflow quantity Q| —

IR 2
V m)

()

Outflow concentration € 4

Performance parameters #EES%(

{ —ﬁ(d) Bi eld 74 Y Oy [ng
o l0gas yield 771/ =
0, SV T gy kg
0 " Co Co k. . P 7’
p=LB-b( ] mogasiate i -y, n )
R m N1 FH AT 2 V, m -d

Source: Grund- und Bemessungsparameter landwirtschaftlicher Ruhrkesselreaktoren (Linke et al. 2003)
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Calculation of biogas amount, energy content and producable energy and heat via Combined heat and power plant

Definition of theoretical output:
Calculation of Gas

yield

EXCH R R TR

WEESTR, RESE, MEECHPH A REREMH

dekbe | 44 Rt |Organic Dry e vk J A
Fresh Dry Matter Matter Pl T g et 2 CH4- e e 2 Energy
J&A) matter Content Content oDM- I concen- Energy | contentin
Substrate Quantity (DM) (oDM) Quantity Biogasyield tration |yield CH4| Biogas
t/a % % DM t/a m3/t oDM m3/a % kWh/m3 kWh/a
Cattle manure  “I*J% 18.250 10% 78% 1.424| 250 355.875|  60% 9,97 2.128.844
Maize silage KKl 1.095 30% 90% 296 550 162.608 52% 9,97 843.022
Average substrate mix 7 11% 79% 302 57,5%
Sum Substrate mix 19.345 1.719 518.483 9,97 2.971.867

AIHREY

oDM [t/a] = Fresh matter 4 )iz [t/yr] x DM [%] x oDM [%]

Biogas yieldyd <"~ & [m3/a] = oDM [t/yr] x Biogas yieldyH <= & [m3/t,5,,] (See also section 1 and
2 ZULEL, 2857)

Energy content Biogas ¥

ERUNA

x Energy yield CH,F }%fE

L EL A =L

B =
B 77 1 [KWh/m3]

/_:Lﬁb
=

Biogas yield ¥~ & [m3/t 5] X CH,-Conc. FFJEik 5 [%0]
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o)

Basic parameters %
g 2
Input quantity Z##/ ="

L

5
c

m

Input concentration

ELM

Reactor volume

Operating parameters - Overwew

Biogas quantlty
o (2

)

— Outflow quantity Q

R F T

k
L  OQutflow concentration € 4 (—)

Vi (m’)
Process parameters TZ S Performance parameters #gES%
. . V 0 m>
Hydraulic retention ¢ =—-(4) Bi e _ B [ J
. - . iogas yield ;7 y
time. k /4557117 : POASYIBIE AU TR 0y ey \ kg
i _ Qn G, G kg . s -
%rggnlc load 74l B, == _:_(m-‘—-d] Biogas rate 7 r, = IQ/H _—_ BR[ m dJ
K ! Y R "

Source: Grund- und Bemessungsparameter landwirtschaftlicher Ruhrkesselreaktoren (Linke et al. 2003)
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B A 1 7

WEHESTE, RESE, FMELCHPH =4 REEMH

Calculation of theoretical energy yield

AR RS
A7 1) [

Calculation of biogas amount, energy content and producable energy and heat via Combined heat and power plant

WEREHE PR o Full Load | CHP% it | CHP#AZR
W &b Y
Fresh Energy | HWACE Hifi S Huhe Hours at | Electrical | Thermal
&) matter | contentin |Electrical | Electrical | Thermal | Thermal 100% Capacity | Capacity
Substrate Quantity Biogas |[Efficiency| Energy |efficiency| Energy | Capacity CHP CHP
t/a kWh/a % kWh/a % kWh/a h/a kwW kW
Cattle manure  “I*J%¢ 18.250| 2.128.844 40% 851.538| 45% 957.980| 7500 114 128
Maize silage T KFHI 1.095 843.022| 40% 337.209| 45% 379.360| 7500 45 51
Average substrate mix %) 38% 45% 7500
Sum Substrate mix 19.345| 2.971.867 1.188.747 1.337.340 158,5 178,3

AHRAY

Available thermal
energy CHP
— CHPHH#fe

Available electricity

> CHPHR] HHBE

, Available thermal

energy boiler %&b ]

H#Ade
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DBEZ Mass balance ¥Rl 4

Grass silage L&

Digester

dlai

Cattle Manure 4-3% Digestate

T

Inorganic matter ALY Documentation and quantification
Organic matter FHlY) cess—
Water Ak — of all relevant mass streams
Water vapour/KZ&iK iﬂ%%ﬂi/ﬁtﬁfﬁ*a% E‘J%}ﬁ?}ﬁ

Carbondioxidiﬁﬂ.ﬁ/% A

Methane F %z (%]
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Mass balances evaluation

DRFZ e 2 YR

= Does the quality and amount of input masses realized in practice meet the design
assumptions? % AR B A i SR S S A S I T E
= |s the Biogas production according to the theoretical value? <" & & G A-&H i
{E (consider the conversion efficiency within the CHP as important factor if no direct
quantification of the biogas mass flow is available!!) 1% H HE &A=, N
— T [ECHP [ #e # 3 %
* If not check: Ui &
- Substrate quality (is the assumed biogas potential correct?) &R & (¥
THEI P AR IEN? D
- Infeed amount correct? #HEHE &7 1EAf?
- Quantification of degree of degradation by means of a gas potential test
of the digestate 18 1 VA& VAW ™ VH 1 ) S T A i %
- Stability of biological process (acid concentration?) 44 fi (B )
A e T
- Temperature &5
- Inhibition effects 1| & &
- Leackage of biogas within the gas collection system 8’55 £E £ 4 (1) it
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Energy
balance

B R4

J&A)

fefs energy potential in substrate 23.5%#HE
100%1L 5~ e

100% chem. energy 23.5% thermal

76.5% thermal 76.5%#
substrate heating {1 IS4 in#i

Fermentation

12.9%FARER Uity th

12.9% (th} heat in biogas

87. 1% BERH W VH AT Hh

87.1% (th} heat in effluent

20.0% 4.7 REA TH ¥ TH s Y

20.0% chem. energy potential in effluent

EDHH g 00y )
microbial heat

B 4 404

methane loss

HEHR 6 30
further losses

SRR

: pilot fuel == ™
A hlgh degree 18.2% 7.6% residual methane potential
of utilization of 7.6%) VI I3 4 T T

39.4%
::II\;aStCeHhPeat frfom CHP%%gI%diesngeFr:gine
e IS O
enormus ik | ., CHP N
relevance fOr conversion loss 31 gas engine CHPHAI%
7.5%, 7-5%FE i 2k

the overall conversion loss
efficiency CHP SRt

E;&H"J E%UFH% 0.001%
T F AR Lo,

external power supply

3 294 3. 2% Kk
heat loss

. internal heat supply
2.7% 2 79 Py AL

internal power supply
B FEL
22.8% 18.8%

net power to grid net heat to consumer

22.8% It H1 42 Hi ] 18.8% % 4 ]



Energy balance evaluation

DBFZ 15 B B B S

= |s the energy output as expected? H&& = H 1514 21 THE ?

= Electrical: . /J
= |f not check: W1 %A 105k
» Biogas production as assumed? ¥ & & 1A B THE 2
« CHP unit — conversion efficiency as assumed? CHP [ #3505 & 5 ik
B BVHE?
« Consumption of devices on site to large? 37 & I HEFE & L K ?
« Downtime - what are bottlenecks of the process? 5 . — - ZJH#{E
s JL?
= Thermal: #fe
= |f not check: 1A 0%
« Losses due to poor insulation? ffiim A 7= 5850 ) i 2 ?
« Are there other options for heat utilization? 15 ¥4 H & F) FH iR 1% ?
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4. Theoretical energy output as basis for
DBFZ ) the biogas plant evaluation — conclusion

i AR A R A R - 4 RS

» Energy output depended on many factors (substrate qualities,
stability of biological process, efficiencies and availabilities

technical devices) BB~ HEURTHZ A E ( KYRE. £9H
BENREME. BRRRZFAREMAIF AR )

* Primary target should be: process stability, reliability of
technology FEBRNZ=Z : TZRE , BARAHE

= Secondary target: gas production rate and energy output JXEZ B
o FRERNEES T

= The energy consumption of all devices should be kept by a
minimum PRI IRZ M EERENZREHK /)

= A high degree of utilization of waste heat from the CHP is of
enormus relevance for the overall efficiency CHPR#\HY & R F 2

XN CHPEAH BB EREE AR,
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5. ASSESSMENT AND
MONITORING OF LOSSES

DURING THE FERMENTATION

PROCESS&@I%EP BEERS
A 0 1A 0

RH



DBFZ Losses / Emissions it 2k /HEi

= Losses reduce the energy output and lead to emissions (gaseous,

liquid, solid) 3Kk /b 1 fe & th T EERCAR S BARTE A

= Need to minimize losses to 75 & & /ML, LU

« prevent environmental pollution Bjj iE¥8 35575 4%
avoid the release of greenhouse gases i % B¢ iR = < 44
prevent the release of toxic substances % B iU B4 o
ensure high energy efficiency #fifx 5 HEAL
ensure economical operation #fi{fiz T 45342
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Sources of emissions
DBFZ within the process chain

T2 RIHEBE

Elevated N,O and NH;-Emissions
due to crop growing ?

VEVIFR AP EIN,O MINH,HEBE bn ?

Humus balance? R Y4572 E;rements o methane losses of the plant?
Nutrition balance? No data available - }‘Eﬁb?j'i%" o
BIY preliminary tank Leakages MR I\B/I_ethane Iossil_s .
WS EEE — Coverage? fg? é?%’%sgé%aﬁ;g'

Relief pressure valve?
] ?
%EE"H Emissions- from the

Co generation unit ?
R EHLHER ?
B|Ogas Biogas_
Utilization
Digester —_—
R YHTFIH

Preliminary

: Silage losses 5-20% ? Tank
‘g; HPHK520%2 graw

Energy crops —
BESRIER)
Silo i‘ﬁ?’\ BRI
1 Substrate- Substrate-
Storage Feed in Digestate
S 7 JEHR, T
Distribution/Application digestate
BT 02
Emissions not extensively investigated yet
R ELEBHAT 2R

dependend on substrates, moisture content of the soil,

cﬁli;}n(;e timrr;; ar};gﬁgg]rki%dﬁoéﬁplication MRTRY), L5 Storage tank (digestate) JZ2/ZRrEHE

Large variations in N,O emissions N,O HEMEEI R e.g. Methane emission§ from open storage tan!<s; ‘
Emissions mfluenced by distribution technlques Heig Dependend on processing + substrates JIFF A7 I

SERIME B 2 LB BIRT T ZHERY 93



DBFZ Possible losses | TJBEfIHR 2L |

« Silage storage facilities 75 IV fifi 17 A il
> Respiration and decomposition of organic matter % #2117
WERIEERFTE/T
« Hopper/ preliminary tank/ open hydolysis B} 2}-/Fi A7/ T il K g i
- Hopper used for mixing of substrate with digestate J T/E & &Y
VB H A R
> Methane #4#CH,), Hydrogen £ “¢(H.,)
- Solid material feed in device [ A4k 1 HERERE &

> Respiration and decomposition of organic matter %7/ #//7/F
R AERETF/T

 Digester ¥ i
- Permeability of rubber membrane, leakages and pressure relief
valves #IFE 57 it DL SRS s )]
> Mainly Methane (CH,) 7= ZL4 i
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Possible losses 1T BSR4 2% I

« Storage tank (digestate) fifi fefE CGHE )
> Methane (CH,), nutrients (fertilizer value) (NH,,(N,O)) #4z
(CH,) ,» 77 (JEst) (NHg,(N,O))

« Gas utilization <A H
- Co generation unit A HAL

~ Mainly Methane (CH,) and unburnt hydrocarbon (C H,,) % 4Z
2 HHACH ) FIAS i A 5 ) (C H )

- Upgrading facilities (Feed in with natural gas quality) $&2}i%s &
IR B RN i)
> Methane slip (CH,) /#4z#74(CH,)

95



5. Assessment and monitoring of
DBFZ Jlosses during the fermentation process B = &
— Conclusion —
A - G5ie

KT 2 A BE s 28 PR A

= due to environmental and economic reasons losses should be

avoided HTFHEMAFER , NERTIL

—

= Plant design, substrate and operation of the plant affect the

amount of losses JBRJ ®it. KYFNIZTEMRLE

* Frequent check of the plant and operational management should
be self-evident EEXEREBR] REETEERETS A

= Actual — theoretical comparison is needed for precise
identification of losses! EEHTRFRMEBIR1TTE S RV LB EUE
T E 5 <

96



DB@

6. POSSIBILITIES FOR SYSTEM
OPTIMIZATION / INCREASE OF
BIOGAS PLANTS PERFORMANCE

(REPOWERING) RZAUALKI AT BEPE/
WINES) SR AT Re




DBFZz ) Evaluation for Optimization Hi4L1F4h

Aim: Achieving of a defined target state (optimum) by well-directed
modification of current situation

Hbg: W $R- IR B SEE RIBEE ) HARIRE (AR

> Procedure F2fF¢ A Oility R/
> Process control - > Capacity utilization ZfF| HZE

pup )

Investment costs

BR A

Operational costs
BAT A
Income WA

» Greenhouse gas emissions

B =S AHR
» Odour emissions E5HEK
> Noise emissions BZHEK

No independent optimization of isolated items possible, due to mutual

dependency H TAH M, AN n] BEFR AL — T

Source: Leitfaden Biogas: www.fnr.de
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DBFZ System Optimization R&LAL

Requirements: B3k

= Knowledge of the present situation needed - often gaps

due to missing data, measurements or insufficient process
monitoring

ity 2 AR EUIR-TE B o DR D s 0 AR R SR e A 0 )
AN LT 0 BN R = ik
= Operating conditions have to be kept as constant as

possible, only then meaningful definition of the current
status possible ;

RERFFIZATIRES, R XA e
ﬁ%ﬁ)‘(ﬁ‘]ﬁ)‘(%#ﬁ
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DBFZ System Optimization R&LAL

Fields of optimization: JLALIAT
= Technical procedure: Availability, down time, smooth production flow
- Redundancy, spare parts, process measuring, maintenance intervals

BORERF: TR, 5 T e A )
> LR wlt AR E . Y

Feeding Mixing Foam Floating Acidity Corrosion CHP-

tech.# tech.# WK layer BE 3558 JE& ok unitH e
Rl & & B Bepe
Number of
feedback Jx 263 186 24 52 46 26 410
e e
Share of
O BRI 46,9 33.2 4,3 9,3

[%] (n=561)
Bt e

Reference: DBFZ operator survey 2010
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DBFZ System Optimization R&&AL

Fields of optimization: L3335
Mean operating hours, full load hours, standard deviation and median

SERBEATI I, WSO D . bR 2P R S

Standard Number of
deviation operator’'s

FrvE 2 feedback

SAE 5 K RIS

hours 247 i [H]
Full load hours 7673 1369 8000
%% S far At [l

Reference: DBFZ operator survey 2010
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DBFZ System Optimization R&LAL

Fields of optimization : i4L3A T

= Efficiency of overall plant (improvement of energy balance,
Improvement of degredation rate, Minization of losses)

—>Process control, leakages, substrate quality, share of heat usage, adaption of
runtime of agitators / pumps

B BARRER G TPEISoLE. BER. RREML
DUFENN TG Wm AT T BT Fad RATE T 0] 1 3
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DBFZ System Optimization R&LAL

Enhanced Efficiency
BRI R
Substrate intake Degradation/ Gas
yoi biological process [% production
fRIERETE BREF=
1 Increased K constant Increased 34K 1]
B(] at increased digester volume
T R e m 388 I R i b PR s
2  IncreasedigK i) accelerated Increased 4K [
at constant digester volume
TEORFE I R I Enad
3  Decreased [#1I% improved Constant PrR¥FH]
] at constant digester volume £
ANAR ) R e T st
4  Constant fR£F) improved Increased 4K [1]

at constant digester volume £t

ANAR R A P e L At
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Optimization of Gas Usage At 4 1fF

DBFZ

= Inefficient gas usage S AR Z 5 H

e main reason: insufficient usage of heat (CHP)

TR I AN
= Optimization: {i{k

» Delivery of heat to heat sink/user (heating grid)
g FAA B A G AR

» Delivery of biogas to external CHP (demand of heat and electricity)
K A4 A ARG P (R EEHCHTHL )

* Upgrading of biogas to biomethane -> feed in to the gas grid
Ha VRS T > SRS
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DBFZ System Optimization R&&LAL

Fields of optimization : i4L3A T

= Economical optimization - Reduction of expenditure, increase the
revenue

- Revenues due energy and digestate (nutrition value); expenditure investion,
substrate, opteration, Maintenance, Repair

LUPRAG- DTS, BRI

DIEHNE TR (F I WA ZEHIBREE Y &1 Y9 Y
= Minimization of environmental impact — containment of emissions of
solid, liguid and gaseous substances

—> Capture of process water with high organic load, engine adjustments (CHP),
coverage of substrates and digestates, noise protection .

B/ MU R - 45l A . ORI AR IR
D FH = EE B BLL IR 52,
SR8 7 T i 2Bl
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Gas potential of digestates

DBFZ /HF&/H@‘H’JFWHPE%
—~ 600
'g |
o 500 |
= I | 400 |
o |
'S, 7| 300 -
n o )
c i
D 4= 200 - e
o = s
o \EH_ ] P =
&) 100 - IS
(&) = M
G) 0 ——o—o oo+ T T \ \ ‘
o
n 0 5 10 15 20 25 30 35

Time 1A (d)

Low retention times lead to incomplete substrate utilization {5 B4 i} i) 1 46 S 2UR Y

AHIATE

For comparison: 18-70 m3/t digestate 1F 42 : 18-70 m3/t VAWK
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6. Possibilities for system optimization it

- Conclusion REMAL K BT B — 4518

= At first sufficient process data are essential EEXGEEMNE %
B T Z 848

= A biological stable state has to be the basis for any change
consideration A/ Xz & B 2| Efiti R R UEFRE R E YIRS

= A comparison of data from literature or other plants should be
drawn RIiZF M ER KR AR BIEH TR

= Target setting, but technical, environmental and economic
optimization are mutual depend ¥ € Hbx, HEAR . RIEHILET
J7 T IR AL A HAH SCER Y

» Frequent target-performance-comparison and new adaptions
(iterative process) £ & Lt B Fr A SEPR M BEH REUFTRVIEHE (
SEETANERE )
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Thank you very much for your attention!

15T 1 !
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